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SYNOPSIS
This. repo~t contains a discussion .~f.the results
of four experim~nts on axially ,loaded solid round bars
of ·7-1/2 inch diameter.. Two of tl1ese columns were made
..,
of USS. "T-l" steel, and two were made of AlSI C-I020
mild steel. All four col\liDns were .initially bent, then
straightened, and finally, one column of e~ch ma~erial
i
.e.
was stress relieved. The columns were tested to failure
in a flat~ended condition in a large hydraulic testing
machine. In each case., failure was caused by inelastic
instability·. The results confirmed predictions b~sed on
a theory which included the effects of unsymmetric. re-
si4ual stresses and initial imperfection~.
•..
•
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I. INTRODUCTION
For the past seven years the United States Steel
-1
Corporation has sponsored research on the aevelopm~nt of
design information for columns made of solid round bars
at Lehigh University. The major emphasis of this research
effort has been concentrated on USS "T-l" steel membe.rs.
In addition, ,parallel studies .on ~ild steel cQlumns were
also perf~rmed on· a limited number .of specim~ns.
The'inv~stigationwas broken down into the following
three major phases:
.;.;.;;
1) In a pilot investigation the behavior of ,annealed
2-3/4 inch round columns wass~udied(l) experi-
mentally by performing tests on,a~ially and ec-
centrically loaded columns~
•
;2) The main phase of ~he research consisted of a
thorough theoretical and experimental investiga- .
tion of the effects of residual stresses· and in-
itial imperfections on column strength. (2)(3~(4)
.The experimen~~lwork' was performed. on 2-3/4 inch
diameter bars.
•,272.4
3)
-2
In .order to study the effect of size on col~1Illn
strength, a: final investigation was conducted
by testin& four columns of 7~1/2 inch diameter.
This report is a summary of the research performed in
..
•
•
',:'
the last ph~se of the. work. The wo~k reported'herein
consisted of the testing of four 19 ft. long 7~i/2 inch
diameter solid circular columns. The columns were tested
in a flat-ended condition (simulating fixed-end boundaries)
by applyiq.g an intentionally conce·ntric for.ceto the
. '.... .
columns until failure occurred. The lengthS of the columns.
were chosen such that· failure took pla~e in the inelastic
r~nge.
In the subsequent portions of this paper the experi-
. ment~l procedure and the test results will be discussed.
. - ",
'F~nally the maxi~um experimental loads will be compared
with theoretical values computed by the methods proposed
in Ref. 4 .
.p':"
•..
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11. -·DESCRIPTION OF THE -EXPERIMENTAL PROGRAM
11.1 Classification of the Materials
Eight bars of approximately 30 ft. ~ength and .1-1/2
inch diameter were rolled by the United S_tates Steel
-Corporation's DUq'llesne Works for this research project.
Four of these were USS nT_l n steel bars and four were
AISI C-1020 carbon steel bars. Two bars in eac,h group
were ~etained in the as-r-ol1ed condition at the plant for
possible retrea~ing or retesting, and two bars in ea~h
group were proce,ssed and s~ipped to Lehigh University.
The processing of th~se fo~r.bars after ro~l~ng consisted
of t~e following steps:
1) The USS nT_l" bars were hardened by heating to
l600°F for three hours and then water quenched.
-'2) All four bars were bent on a gag press to a
roughly circular arc-with a deflection at mid-
point of about 12, inches .
3) The USS "T_l" bc;lrs were tempered at approximately
l150°F for about four hours, and the AISI C-1020
bars-were stress relieved at 1100°F for three
•272.4
hours. All four bars were then ~ircooled ·to
room temperature •
-4
•
, ~.
\ '
4) The bars were straightened next on the gag pr~ss
to a tolerance of 1/4 inch in each 5 ft. of length.
5) One bar of each-material was stress reliev~d,
while the residual stresses in the other two
bars were not re~oved.
As a result of the operations described ab~ve, the
test bars were e~sentially free of thermal residual
:stresses (see step 3 abov~). One bar of each material
coptained relatively high cold-bending residual stresse~
(step 4) and the. s.econd bar was essentiall~ free of re-
sidual stresses (step 5).
After completion of the- heat-testing operations,
each of the 30 ft. bars was section~d into a 10 inch
length for tensile coupons, a 31 inch length for a stub
column test, a 18'-11" length for the column test, a 40
inch length for possible residual stress measurements,and
a 24 inch length to be retained ~t the plant. The spec-
imens for the ·stub column t.ests and the column tests were
then milled.flat at their ends to give 30 inch cross
272.4 -5
•
section test members, and 225 inch column test members.
11.2 The Test Program
An outline of the test program is. shown in Table .1
where all experiments and their specimen nU:IDbers are
listed. Four sets of experiments were performed. Each
set consisted of the' test of a full scale column (spe~-
i~en designationL in Table I), a cross section test (8)
and J;ive standar.d tensile coupon tests.(c.). ·Also shown
in- this table is the material and the final residual
.stress state of each bar; this was already discussed in
the previous section.
The tens~l~ tests and the stub column tests (cross
'section tests) were made first in order to determine the
ma~er.ial properties. Based on these and on the measured
initial imperfections of the column, the expected failure
loads were predicted (2) (3) (4) and then the column tests
were performed•
•272.4
III. PRELIMINARY EXPERIMENTS
111.1 Tensile Coupon Tests
-6
..
Five ASTM standard 0.505 inch diameter round tensile
coupons were machined from the 10 inch long piece of each
bar. These specimens· were approxim~tely 8 in~hes long
with a 4 inch smooth round shaft. The ends of the bars
were threaded to fit the testing machine fixtures. The
strains were measured over a standard 2 ,inch gage length
by an extensometer. The load was applied by a l20K
Tinius-Olson screw-type testing machine. The load-
deformation curve was recorded automatically.
The coupons were cut from a plane coincident with
the plane of cold-bending. The locations from which the
coupons were .cut out of the cross section are shown in
Fig. 1. The tensile tests across the diameter of the
section were made in order to determine if there is any
significant difference in the material properties between
the surface and the interior of the par.
Typical stress-strain curves are shown in Fig. 2 •
One curve is shown for a "T-l" coupon and one is shown
272.4 -7
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•
for a mild steel coupo~. The stress-strain curves for the
mild steel all exhibited a distinct upper yield point,and
strain-hardening. The "T-l" steel curves all had almost
flat yie~d-plateaux, with the curve imperceptibly but
steadily rising to the ultimate stress. No discontinuity
indicating a distinct start of strain-hardening was ob-
served. Not enough coupons were tested to obtain reliable
values of the strain-hardening modulus for the "T-l" steel;
however, it was 9bserved that this modulus is of the order
of magnitude from 100 to 500 ksi.
The "dips" of the curves in the yield zones in Fig. 2
signify ','static" yield stress. This was obtained by com-
pletely stopping the movement of the cross-head of the
testing machine(5) and therefore this value does not in-
elude the effect of strain-rate. This yield stress value,
together with the other material properties obtained from
the tensile tests, is given in rable II. This table lists
the modulus of elasticity (which was approximately 30,000
ksi for all tests), the static yield stress, the ultimate
stress, and the percentage value~ for the final elongation
•
and the reduction in area. 'The yield stress was about 50%
of the ultimate stress for the mild steel coupons, whereas
for "T-l" steel this ratio was approximately 90%.
272.4 -8
The variations of yield stress across the diameter
. !
•
..
•
of the 7-1/2 inch bar were not large (about 10%) and no
definite trend of variation could be observed. This is
.especially true for the mild steel"bars (see Table II).
For'the "T-l" bars one could tentatively conclude from
the limited number of test'~. that the yield stress in the
interior is about 10% smaller than on the. outside surface.
A considerably larger .number of experiments would be re-
quired however in order to verify this conclusion.
Each of the tensile coupons failed' in a ductile
manner. The elongations and the 'reduction in area listed
in Table II are a measure of this ductility. No determina-
tion of the standard per~entage of elongation was possible
for four of the "T-l" specimens (see asterisks in Table II)
because the fracture occ~rred outside of the 2 inch gage
length. This behavior can be accqunted for 'by the fact
that most of the "T-l" specimens· contained some small in-
clusions and therefore the shaft was not completely smooth.
Fracture always occurred at one of the larger inclusions.
These inclusions were parallel to the longitudinal axis of
the bar. (in the direction of rolling) and they .were clearly
visible by eye.
••
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111.2 Cross Section Tests
A cross section or stub column test is performed on
a short piece of the whole test section(S) in orde~ to ob-
tain the average s'tress-strain relations which include the
effects of the residual stress and the nonhomoge~eity of
the material.
One stub column test was performed for each test
bar. The length of each specimen was 30 inches, the
middle 10 inches being the gage length over which the de-
formation was measured.
The experiments were conducted in a 5 million lb.
hydraulic testing machine. The experimental setup can
be seen in the photograph of Fig. 11. The milled end test
specimen was placed on two 1 inch milled "T-l ,', plates,
which in turn sat on a heavy 3 inch plate. A similar
arrangement was used at the upper end of the specimen.
The specimen was carefully placed in the center of
the testing machine. Before the ac~ual experiment, the
specimen was aligned by adjusting the wedge-disks of the
movable head of the testing machine. A load of ap'pr·ox:(-
, ,
mately one sixth of the~expected yield load was used in
272.4 -10
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the alignment. The alignment was checked and adjustments
were made until the strains recorded by the four 8R-4
gages mounted at the·center of the member showed a maximum·
deviation of 5% from the· average readings.
The principal instrumentation consisted of two
1/10·,000 inch dial gages which were mount~d betw~en the
gage marks in the center 10 inches of the column. The
fr~e and the gages are .shown in Fig. 11. The average
shortening of the gage length was the average of the defor-
mations recorded by the two'dial gages.
Other instrumentation consisted of four 8R-4 strain
gages placed at 90° to each other in the center plane of
the specimen. These gages were used in the alignment and
for checking the readings on the dial gages.. One additional
1/1000 inch Ames di~lwas used to determine the extent of
travel of the testing machine head.
During the test, increments of load were used in the
elastic range and increments of deflec.tion in the inelastic
range. After each increment the loading was stopped and
readings were taken only after the whole system was static .
The results of the stub column tests are shown in
272.4
Table III and in Figs. 3 and 4. Table III lists the
-11
•
•
. .
average yield stress, the modulus of elasticity and the
approximate maximUm compressive residual stress. These
latter values were obtained by subtracting from the yield
stress the stress at which the stress-strain curves of
Figs. 3 and 4 became nonlinear. It is seen that the
'annealed bars (5-2 and 5-6) had relatively low residual
stresses (13% of OYfor 5-2 and 11% of oy £,:or 5~6),
whereas the unannea1ed bars contained high~c.ompressive
residual st~esses (about 66% of OY for 5-1 and 32% of '~y
....
for 5-5) •
-! .
The compressive stress-strain curves for the mild '
steel bars are shown in Fig. 3. The same curves for the
"T-1" bars are given in Fig. 4. From these figures it can
be seen that the effect of r~sidua1 stress is considerably
more severe for the mild steel bars than for the "T-1"
bars. This is due to the fact that the cold-bending residual'
stresses are of about the same order of magnitude' for
each material, whereas the ratios "of maximum residual
stress to yield s'tress are smaller for the "T-1" steel .
Thus the effects of the residual stresses diminish as the
yield stress becomes larger.
272.4 -12
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Noil-dimensional tangent modulus curves ,'representing
the instantaneous slopes of the stress-strain curves, are
shown in Fig. 5· for the annealed specimens. ·These curves
are used later to determine the tangent modulus load of
columns L-2 and L-6. No tangent modulus curves are shown
for the unannealed bars, because the tangent modulus load
has no real meaning for columns containing unsymmetrical
residual stresses.
A comparison of the average compressive yield stress
with the average yield stress obtained from the tensile
coupon tests (see Tables II and III) shows reasonable
agreement.
One curious phenomenon shou~d be mentioned here in
connection with test 5-2: 5hortlyafter reaching the flat
yield-plateau, the stub column buckled. The reason for
this occurrence is probably the fact that the elastic core
was reduced rapidly by yielding (the member was annealed,
and therefore it contained small residual stresses, and
h ··h f (2» d h 1 dt ese were compress~ve on t e sur ace " ant us a s en er
effective length existed. The other three compression
tests exhibited normal behavior.
•'.
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. IV. DESCRIP'EION~'OF.:COLUMNTES~,
The conduct of ·the four full scale colUmn t·ests, was
as follows:
Before testing, the diameter of'each bar' wa's measured"
and the initial deformations were determined at~he' 1/8'
points. Thes.e initial deformations were -measured in ,the
plane of straightening (which was'marked by a silver line
on each specimen at the plant) and in a plane perpendicular
to it. Visual inspection showed that the bars were straight.
In a previous study(2) it was found, however, that even
minute initial deformations can have a pronounced influence
on column ,strength. For this~ reason the deflections were
very carefully measured. The maximum initial out-of-
straightness was· about 0~2 inches (appr.oximately 1/1000 of
the' length) .
:ryplcal initial, deflection curves.are shown in Fig. 6.
(These p,articularcurves are for test 'L-l. ) From this
figure it is· seen that. the bar· contained initial ,deflec-
,tions iil' both of the".l1iea.s~i'ed"planes, '(Figs. 6a and 6b).
The resultant deflec·tion.curve· is shown in Fig. 6c. The
curve in this figure, is not in <;me plane. The planes of
....
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maximum deflection ar~ shown in the circles below the de-
flection curve. The solid lines in these circles indicate
,
the half· plane in the direction of which the maximum de-
flection occurred. Thus it is evident that the axis of
the column was initially deformed in a three dimensional
curve.
The initial deformations of all the columns exhibited
similar b~havior as that shown in Fig. 6 for.barL-l. The
magnitudes of the maximum initial defl~ction are given in
Table V for all four bars as the non-dimensional ratio doJR.
(where do is the maximum deflection and R is the radius).
The maximum deflections did not necessarily occur at the
center of the bar, and they did not coincide with the plane
of straightening.
/
After the preliminary measurements were 'completed,
the test column was placed into a 5 million lb. universal
testing machine for testing. The test setup is shown in
the pho~ograph of Fig. 12. The column was. carefully cen-
tered in the testing machine, and.-alignment was checked
and ad~usted in the same way and to the .same.strain toler-
ance as the cros~ section tests described in the·previous
section. Alignment was checked with the aid of the SR-4
. .
••
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gages placed along the length of the column. No particular
difficulty was experienced in alignment.' The end conditions
of the test setup were identical to those of the stub
column tests. (For details see Fig. 11 ..>
The instrumentation consisted of dia~ gages to measure
axial shortening, scales to measure lateral deflection and
5R-4 strain gages to measure curvatures.
Two 1/1000 inch Ames, dials were placed diagonally to '
each other at the base 'of the column. The plungers of these
gages were attached to thin steel wires which were fixed at
the top of the column. This arrangement w~s used to measure
axial shortening during the tests.
Lateral deflections were 'measured at the ~olumn ends,
at the midpoint and approximately at ~he quarter points by
means of horizontal scales graduated at 1/100 inch and two
surveyor's transits. The exact location of the scales is
shown 'in Fig. 7b. At each location two scales were placed
such that the de~lection was mea'sured in two perpendicular
planes. These two deflections permitted ready calculation
of the magnitude and direction of the maximum deflection
. by vector addition.
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Four SR-4 strain gages placed at right angles to each
•
4
other were attached at each of seven locations along the
column length. The locations of the strain gage positions
are shown in Fig. 7a .. From the two sets of strain differences
'. .
obtained from diametrically opposite gages the curvatures
could readily be computed(l) in two perpendicular plane~.
A plot of the resultant maximum curvatures along the length
of the column was used in determining '~he inflection points
(points of zer~ curvature) and thus the effective length of
the column.
In the elastic range increments of loading were used,
whereas increments of deformation were used in the inealstic
range. For each increment of lo~d or deformation, readings
of ,load, strain~,. lateral deflectionsJand axial shortening
were made ~fter the whole system had come to rest. Testing
was continued in each experiment until the load-deflection
curve reached a maximum point and started to de~~end.
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V. DISCUSSION OF THE TEST RESULTS
The maximum loads carried by each column are listed
in Table IV. Also given in this table are the' length,
the actual cross-sectional area, the effective length,
the restraint factor K, the effective slenderness ratio,
and the effective non-dimensional slenderness ratio (A).
This ratio is defined by the formula(2)
..
..
~= ( KL )
r
(1)
•
•
Some difficulty was encountered in tests L-2 and L-5
in the determination of the effective le~gths (that is the
distance between points of zero curvatures, as· computed
from the strain readings along the column) because the in-
flection points did not remain at the same location through~
out the duration of·the test. This was due to the fact that
the initial deflections were three-dimensional curves and
the shape .9f t~ese curves had a gre~t influence on the de-
:flections under loading. For test L-2 the travel of the ~
effective length was about 5% of the total length and· for
test L-5 this travel was approximate~y15%.· The effective
length values given in Table IV ~re ave~age·values. No
272.4 -18
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noticeable movement of the inflection points w~s observed
for the other two tests.
The effective lengths were all about 'half of the ,full
column lengths, and therefore the ends of the columns were
essentially fixed. For test L-l, K = 0.44, which is belo~
the theoretical minimum of 0.5.' This is due to the double
curvature of the initial deflection curve (see Fig. 5).
A comparison of the maximum loads carried by the two
types of columns shows that in each case the unannealed
column was weaker (that is L-l carried less load than ,L-2,
and L-5 was weaker than L-6) •
Typical experimental curves are shown in Fig. 8 for
tl!St L-6. On the left side of the figure the axial short-
ening.of the column is plotted against the load. This re-
lationship was nearly linear until the maximum load was
reached. On the right hand side of the figure the deflec-
tions of, the column center are plotted versus the load in
the plane. of straightening (curve connecting the solid
circles), and in a plane perpendicular to it (open circles).
These two curves indicate that iateral deflection started
~
almost at the very beginning of lo~ding and that the re-
s;ultant deflection was not in the plane of straightening.
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Load versus center deflection curves are shown in
..
•
•
Fig. 9 for tests L-l and L-2 (AISI C-1020 steel) and in
Fig. 10 for tests L-5 and L-6 ("T-l" steel). A comparison
of these curves indicates that the annealed columns showed
a definite drop in load soon after the maximum point was
reached, whereas-the unaqnealed columns tended to. continue
holding the maximum load. For each test, lateral deflections
occurred from the beginning of loading, and no distinct
point of bifurcation could be observed. The reason for
this was that the columns were not initially perlectly
straight.
. ~he experimentally observed loads are compared with
theoretically computed loads in Table V. The experimental
loads were non-dimensionalized by Py = AOy . The actual
areas (Table VI) and the yield stresses obtained from the:
stub column tests (Table III) were used in computing Py .
First, comparison is made with the tangent modulus
and the reduced modulus theory. These theories are strictly
applicable to perfectl~.straight columns having symmetric
residual stresses. In Ref. 2 the critical loads from the
. tangent modulus and the reduced modulus theory for solid
round columns were derived. The equations for these
••
272.4
loads are:
( p )TM ~=Py ~
and P T(p)~ = ,~y
~)
(3)
-20
•
The symbol ~ in Eqs. (2) and (3) repre~ents the ratio Et/E,
and its value is taken from an experimentally determined
tangent modulus curve (Fig. 5). ,
From Table V it is seen that the actual loads carried
by columns L-2 and L~6 were below the theoretical values.
The reason for this is the presence of initial imperfections.
A more careful analysis was made in Refs. 2, 3 and 4
to determine the ultimate loads of initially im~erfect
columns containing symmetrical or unsymmetrical residual
stresses. This analysis showed that the initial ~mperfec-
tions as well as the residual stresses must be ·considered.
The theoretical ~oads for tests L-2 and L-6 were obtained
from Fig. 20 of ,Ref. 2 for the maximum initial imperfections
listed in Table V. It was assumed that these members con-
tained no residual stresses. For test L~2 the actual and
the theoretical loads coincide. For test L-6, the theo-
retical load is less than the experimental load (0.61 Py
272.4 -21
For tests L-l and L-5, the theoretical loads were
determined with the aid of Fig. 14 in Ref. 3. The theo-
retical curves were computed on the a$sumption that initial
deflections and high antisymmetricresidual stresses caused
by cold-bending were present~. Comparison of the theoretical
and experimental values in Table V.indicates that for tests
L-l and L-5 the theory underestimated the strength con-
siderably. This is due to the assumption made in the
theory that the maximum init~al deflection occurs at the
center of the column .. In practical cases, as shown by
-
these experiments, this is almost never the case. Because
of this, the ultimate strength results of Refs. 2, 3 and 4
should be considered as lower bounds to the true ultimat~
load.
.-
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VI. SUMMARY AND CONCLUSIONS
In this report the results of four experiments on
7-1/2 inch diameter solid round bars are discussed. The
following conclusions have been reached.
(1) The variation of yield strength across the diameter
of a bar is not pronounced. Not enough tensile
coupon tests were conducted to observe definite
trends.
(2) The cross section tests showed that the annealing
operation removes most of the residual stresses.
. f
•
(3)
(4)
The four ·columns tested in this experimental pro-
gram can be considered. as practical columns in
~hat they were straight within a reasonable
tolerance and that they had small initial deflec-
tions. Because of the presence of initial imper-
fections, the tangent modulus load does not re";
present an approximation to the true ultimate
load•.
Good correlation was found to exist between the
maximum experimentally observed loads and the
272.4 -23
theoretical loads computed for the ultimate
carrying capacity if both initial deflections
•
and residual stress are included. .It was found
that because the maximum initial deflections are'
not at the mid-height, these theoretical loads
represent a lower bound to the true strength.
(5) The annealed columns were stronger than the
unannealed ones.
•
..
(6) The results of these experiments were compared
with theoretical work which was well documented
by experiments on 2-3/4 inch round bars. The
experiments reported here have shown that good
correlation exists also for large diameter bars.
•
Only experimental results and their interpretations
are reported in this paper. The primary purpose of the.
research program on solid round bars, however, is to develop
design information. In a subsequent summary report all the
previous work, including the tests reporteq here, will be
discussed, and design rules will be evolved.
..
..
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VIII.' NOMENCLATURE
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A
E
L
P
Pmax
total cross sectional area
Young's. modulus of elasticity
tangent 'modulus
coefficient '. ratio of effective to actual
length of column -
length of column
axial load'on column
,axial load corresponding to yield stress level
.= Aay
"
maximum axial load on column
R radius of cross section of column
E strain
(f stress
~y yield stress
'(Ju ultimate stress
A effective non-dimensional slenderness ratio
•
y
KL
= (- )
r
=iE IEt
(1 )~s.
'Il E
I
flo I
I
•
•
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TABLE I
Summary of the Experiments
-27
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Specimen Designation
Material Bar Tension Cross Section Column
No. C.9upon Test Test
:
AISI C-1020
'Cl-l
(high Cl-2
cold-bending 1 Cl-3 S-l L-l
residual stress) Cl-4 ,.' ,
Cl-5 . :;
AISI C-1020
C2-l
(annealed) C2-2
2 C2-3 S-2, ' L-2
C2-4
C2-5
USS "T-l" ..
C5-1'
, (high C5~2.
cold-bending 5 C5-3 S-5 L-5
residual stress) C5-4
C5-5
, .-
USS "T-1" ,
- C6-l
(annealed) ,.C6-2
6. ,C6-3 S'!'6 L-6
C6~4
C6-5
III
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TABLE II
Tension Coupon Test Results
-28
Test Young's _Static "Yield Ultimate Percentage- Percentage
No. Modulus E Stress ay Stress au "E19ngation Reduction
(ksi) "(ksi) " (ksi) of Area
C1-1 30,500 29.9 " 59.1 42.0 58.7
Cl-2 31,000 29.4 61.3 37".5 50.6
Cl-3 30,700 28.4 59.9 35.0 41.7
Cl-4 31,100 30.2 61.8 40.0 48.5
Cl-5 30,300
- 59.1 44.5 54.0
Ave. 30,700 29.5 60.2 - -
C2-1 29,800 30.5- 58.3 44.0 58.2
"C2-2 30,800 30.8 61.9 40.5 54.9
C2-3 30,500 "32.4 "65.6 27.0 26.8
C2-4 30,300 28.5 62".1 39.0 55.0
C2-5 "30,100 30.1 " 59.0 "" 39.0 54.6
Ave. 30,300 30.5" "" 61.4
- -
C5-1 30,500 109.9 121.2 23.0 68.4
C5-2 29,700 99.1 112.5 22.5 62.5
C5-3 30,100 101.6 "115.0
*
65.8
C5-4 29.800 97.6 111.5 23.0 63.8
C5-5 30",000 109.8 121.0
*
65.5
Ave. 30,000 103.6 116.2 - -
C6-1 29,100 111~7 123.2 " 25.0 66.9
C6-2 30,400 98.0 110.7 20.5 60.3
C6-3 31,600 100.0 112.6 19.5 48.2
C6-4 31,400 " 110'-7 "123.8
*
56.3
C6-5 30,100 100.5 114.8
*
69.5
Ave. 30,500 104.2 117.0 - -
.
* Fracture took place outside of gage marks.
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TABLE III
Stub Column Test Results
-29.
•
..
CompressiveTest No. Yield Stress <fy Young's Modulus E
Max.
Residual Stress
(ksi) (ksi) (ksi)
:.1 .
S-l 29.0 31,000 19
S-2 31.8 30,000 4
1
. S-5 105.0 31,500 33 1
S-6 101.0 30,800 11
TABLE IV
Column Test Results
Test Length Area Effective K Effective Max.
No. Length, KL Slenderness A Load(in) (in2). (in) Ratio (kips)
I
.-
L-l ~25 46.0 99.6 0.44 52. 0.507 1188
L-2 225 45.6 126.6 0.56 67 0.687 1250
L-5 '~25 '44.5 123.6 0.55 66 1.208 2-792
L-6 225 44.5 114.0 0.51 61 1.104 3005
272.4
TABLE V
Comparison with Theory
-30
Test No. P' (L) (f;J
nI \!;)RM do (L)y(kips) Py Exp. R P~, Theory
L-1 1333 0.89 - - 0.030 0.85
L-2 1450 0.86 0.94 0.96 0.037 0.86
,
~4~0 .-L-j'" . c' ~~ 0.60 ~- ~----\. - 0.028 0.50
L-6 4500 0.67 0.82 0.82 0.048 0.61
272.4 -3\
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